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THE  FIRING  CHARACTERISTICS  OF  THE  STANDARD  ATLAS  ELECTRIC 
MATCH 


Tht  work  performed  and  reported  herein  was  funded  by  Task  No. 
NOL-649.  The  characteristics  of  the  electrical  ignition  sens! 
tivity  of  both  the  M-lOO  and  M-200  Atlas  Electric  Matches  have 
been  accurately  determined  when  electrical  signals  of  short 
duration  are  applied. 

The  results  of  this  study  should  be  useful  to  those  concerned 
with  igniting  electric  matches  reliably  by  the  application  of 
short  duration  electrical  signals. 
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I .  INTHODUCTIOtJ 

1.  Tht  "standArd  Atlas  alectric  match**  is  an  tltctrically 
initiatad  match  raanuf actuxad  by  tha  Atlas  Powdtr  Company. 
Wilmington  99,  Oalawara.  It  comas  in  two  typas*  tha  M-iOO  and 
M-200  alactric  match.  Tha  only  diffaranca  batwaan  M-lOO  and 
M-200  matchas  is  tha  mannar  in  which  tha  bridga  wira  is  con- 
nactad.  Tha  M-lOO  amploys  soldarad  bridga  wira  construction 
and  tha  M-200,  waldad  bridga  wira  construction.  Tha  appaaranca, 
construction  and  mathod  of  manufactura  of  tha  standard  Atlas 
alactric  match  ara  dascribad  in  rafaranca  (a). 

2.  Both  tha  M-lOO  and  M-200  alactric  matchas  hava  baan 
succassfully  usad  by  NOL  in  ordnanca  applications.  Tha  Atlas 
M-200  alactric  match  is  prasantly  aoployad  in  an  application 
whara  tha  natch  is  to  ba  firad  by  an  assantially  constant  volt- 
aga  pulsa  of  lass  than  six  millisaconds  duration.  Although 
soma  studias  hava  baan  mada  of  tha  sansitivity  of  both  typas  of 
standard  Atlas  alactric  match  (rafarancas  (a)  and  (b)),  accu- 
rata  constant  voltaga  sansitivity  data  ara  inconplata  in  this 
tima  ranga.  Furthamora,  tha  variation  in  firing  sansitivity 
from  ona  lot  of  matchas  to  anothar  has  not  baan  dataminad. 

Tha  purposa  of  this  study  is  to  datarmina  tha  voltaga  and 
anargy  raquirad  to  raliably  fira  tha  M-200  match  whan  tha  dura¬ 
tion  of  tha  firing  signal  is  lass  than  six  millisaconds. 


II.  THEORY 

3.  A  datailad  analysis  of  tha  thaory  involved  in  tha 
firing  of  alactroaxplosiva  devices,  such  as  tha  standard  Atlas 
alectric  match,  is  given  in  references  (c)  and  (d).  In  brief, 
an  alactric  natch  is  fired  by  supplying  sufficient  electrical 
energy  to  tha  bridga  wire  to  cause  it  to  become  hot  enough  to 
ignite  tha  adjacent  pyrotechnic  mix.  The  electrical  energy 
received  by  tha  match  during  the  pulsing  interval  is  given  by 
tha  aquation 


E  ^  p  VIdt.  (1) 

where  E  is  tha  energy  in  joules,  V  is  the  voltage  across  the 
match  in  volts,  I  is  the  current  through  the  match  in  amperes 
and  t  is  the  duration  of  the  pulse  in  seconds.  The  energy 
required  to  bring  the  bridge  wira  to  firing  taqparatura  is 
minimum  under  adiabatic  conditions,  that  is,  when  there  is  no 
heat  loss  from  the  bridge  wire  to  its  surroundings.  Adiabatic 
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conditions  are  approached  as  the  duration  of  energy  pulse  is 

decreased. 


111.  expehime!;tal 

4.  With  the  exception  of  Lot  262-23*  all  matches  used  in 
this  study  are  from  lots  which  have  been  tested  and  certified 
by  the  Atlas  Powder  Company  and/or  the  Eureka  Williams  Company 
to  meet  the  specification  requirements  of  reference  (e).  Ref¬ 
erence  (e)  requires  that  all  matches  tested  have  a  resistance 
of  1.10  to  1.2K)  ohms  and  that  they  fire  when  a  square  wave 
generator  passes  "a  square  wave  pulse  current  of  1.0  e  0.05 
amperes  through  the  electric  match  bridge  wire  for  a  maximum  of 
6.0  milliseconds”  iWten  the  match  is  conditioned  at  -65  ±  5*F. 
The  certified  resistance  range  of  Lot  262-23  is  1.20  to  1.40 
ohms.  The  resistance  distribution  of  68  matches  of  this  lot  is 
shown  graphically  in  Fig.  1. 

5.  The  first  tests  conducted  were  constant  current  pulse 
tests  on  M-lOO  and  M-200  matches  in  the  ranae  1  to  6  ms. 
Available  constant  current  poster  supplies  did  not  have  response 
times  sufficiently  short  for  tests  of  this  nature.  Therefore* 
constant  current  was  achieved  by  using  the  system  shown  in 
Fig.  2.  A  constant  voltage  was  impressed  across  a  ballast 
re&istor  (12.5  ohms*  400  watts)*  an  ammeter*  the  match  or  a 
standard  resistor  whose  resistance  (1.17b  ohms)  was  in  the 
range  of  resistance  of  the  match*  and  a  solid  state  pulse 
switch*  all  in  series.  A  Harrison  Laboratory  Inc.  Model  814A 
(O  -  36  V*  0-25  a)  power  supply  was  used  as  the  constant  volt¬ 
age  source.  The  solid  state  pulse  switch*  built  by  A.  R.  Reed 
of  this  Laboratory*  controlled  the  pulse  duration.  This  pulse 
switch  had  a  rise  time  of  5  microseconds*  a  fall  time  of  100 
microseconds  and  a  precision  of  better  than  50  microseconds  as 
measured  on  an  interval  timer.  The  residual  current  through 
the  solid  state  pulse  switch  was  less  than  5  milliamps.  Be¬ 
cause  of  the  small  overall  change  in  resistance  of  the  system* 
the  decrease  in  current  during  the  pulse  caused  by  the  increase 
in  resistance  of  the  match  is  insignificant. 

6.  The  procedure  involved  in  test  firing  a  match  is  to: 
a.  substitute  the  standard  resistor  for  the  match  in  the  cir¬ 
cuit  by  means  of  a  knife  switch*  b.  adjust  the  solid  state 
switch  to  give  desired  pulse  duration*  c.  close  the  solid 
state  switch*  d.  adjust  the  constant  voltage  to  give  the 
desired  ammeter  reading*  e.  open  the  solid  state  switch* 

f.  replace  the  standard  resistor  with  the  match  by  means  of 
the  knife  switch*  g.  fire  (or  attempt  to  fire)  the  match. 
Using  this  system  and  procedure*  constant  current  pulse  tests 
were  conducted  for  1*  1.5*  2*  3  and  6  ms  pulses.  The  tests 
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were  conducted  in  the  Probit  manner  as  described  by  reference 
(f).  For  each  time  interval,  the  per  cent  fired  was  plotted  as 
a  function  of  current  through  the  standard  resistor  on  accumu¬ 
lative  probability  paper  and  the  straight  line  that  best  fitted 
the  points  visually  was  drawn.  The  mean  firing  current  was  read 
from  the  line  at  the  intercept.  The  standard  deviation  was 
determined  by  subtracting  the  mean  current  from  the  value  at 
the  84.13^  intercept.  A  summary  of  the  results  is  given  in 
Table  I.  A  plot  of  mean  firing  current  versus  pulse  duration 
is  given  in  Fig.  3.  Applicable  results  of  reference  (a)  are 
also  plotted  for  comparison. 


Table  I.  Constant  Current  Tests 


Atlas 

Pulse 

Number  of 

Mean 

Standard 

Match 

Duration 

Matches 

Current 

Deviation 

Lot 

Type 

(ms) 

Tested* 

(Amoeres) 

(Amoeres) 

Nuitiber 

M-lOO 

1.0 

55 

1.635 

0.040 

268-31 

M-lOO 

1.5 

66 

1.357 

0.033 

268-31 

M-lOO 

2.0 

90 

1.182 

0.030 

268-31 

M-lOO 

3.0 

30 

0.992 

0.014 

268-31 

M-lOO 

6.0 

32 

0.722 

0.014 

268-31 

M-200 

2.0 

37 

1.132 

0.045 

265-24 

M-200 

2.0 

17 

1.205 

0.037 

267-8 

‘’^All  matches  which  failed  to  fire  when  tested  were  success¬ 
fully  fired  by  a  2.0  ms,  2.69  amp  pulse. 

7.  The  next  series  of  tests  conducted  were  constant 
voltage  pulse  tests  on  M-200  matches  in  the  range  2  to  6  ms 
pulses.  Because  of  the  problem  of  switching  and  switch  and 
lead  resistance,  available  constant  voltage  power  supplies  could 
not  be  used  to  supply  a  constant  voltage  pulse  directly  across 
the  match.  Instead,  the  system  suggested  by  reference  (g)  and 
diagrammed  in  Fig.  4  was  used.  Here,  the  control  unit  produced 
a  square  wave  pulse  at  the  base  of  the  transistor.  The  transis¬ 
tor  acts  as  a  switch  and  governs  both  the  pulse  length  and 
voltage  across  the  match.  The  voltage  across  the  match  is  pro¬ 
portional  to  the  voltage  from  the  control  unit.  A  Harrison 
Laboratory  Inc.  Model  814  Power  Supply  supplied  the  firing 
energy  to  the  match.  In  order  to  accurately  measure  the  voltage 
across  the  match,  a  reference  voltage  was  obtained  from  mercury 
cells  and  a  dropping  resistor.  This  reference  voltage  was 
accurately  measured  with  the  potentiometer  and  adjusted  to  be 
equal  to  the  desired  voltage  across  the  match.  Then,  with  the 
standard  resistor  (1.178  ohm)  in  the  place  of  the  match,  the 
control  unit's  output  was  adjusted  so  that  the  voltage  across 
the  match  was  equal  to  the  reference  voltage.  The  difference 


3 


NOLTR  63-62 

btt«ve«n  th«  rtfcrenc*  voltagt  and  the  voltage  across  the  stand¬ 
ard  resistor  was  measured  with  a  differential  oscilloscope. 

The  standard  resistor  was  then  removed  and  replaced  with  the 
match  to  be  tested.  The  tests  were  conducted  and  calculations 
made  in  the  Bruceton  manner  as  described  in  reference  (h).  The 
voltage  reported  is  the  voltage  across  the  standard  resistor. 

A  summary  of  the  data  is  shown  in  Table  II.  The  mean  firing 
voltage  plus  five  standard  deviations  are  plotted  as  a  function 
of  pulse  duration  in  Fig.  S. 


Table  II.  Constant  Voltage  Tests* 
Atlas  M-200  Matches,  Lot  265-24 


Pulse 

Duration 

(ms) 

Number  of 
Matches 
Tested 

Number 

Fired 

Number 

Failed* 

Mean 

Voltage 

Lvoltt) 

Standard 

Deviation 

(Volts) 

2.0 

21 

14 

7 

1.485 

0.023 

3.0 

25 

12 

13 

1.204 

0.015 

4.0 

25 

15 

10 

1.063 

0.011 

6.0 

25 

13 

12 

0.911. 

0.009 

*All  matches  which  failed  to  fire  when  tested  were  success¬ 
fully  fired  by  a  1.80  volt,  3  ms  pulse. 


8.  Tests  conducted  in  the  Probit  manner  give  a  more 

accurate  determination  of  standard  deviation  than  do  tests  con¬ 
ducted  in  the  Bruceton  manner.  For  this  reason  the  next  series 
of  tests  were  constant  voltage,  3  ms  pulse  duration  tests 
conducted  in  the  Probit  manner.  The  variable  of  the  tests  was 
the  ratio,  «4iere  Vm  is  the  voltage  across  the  match  at 

the  midpoint  of  pulse  duration  and  R|a  is  the  measured  resist¬ 
ance  of  the  match  before  it  is  pulsed.  The  resistance  of  each 
match  was  measured  before  it  was  pulsed  through  the  use  of  a 
bridge  whose  output  current  was  limited  to  30  ma.  This  series 
used  the  match  firing  apparatus  diagrammed  in  Fig.  4.  The 
value  of  Vj4  was  determined  through  the  following  calculations. 

9.  When  two  reference  resistors  of  different  value  are 
placed,  one  at  a  time,  in  the  match  position  of  the  firing 
apparatus,  different  voltage  values  across  each  resistor  are 
observed  during  the  pulses,  even  though  the  constant  voltage 
from  the  source  is  the  same.  This  is  due  to  lead  resistance 
in  the  circuit  between  the  constant  voltage  source  and  the 
reference  resistors.  This  lead  resistance  can  be  calculated 
from  the  equation 


\  •  AV/aI, 


(2) 
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whert  Ri  is  the  lead  resistance,  6V  is  the  difference  in  volt¬ 
age  during  the  pulse  across  each  of  the  two  reference  resistors, 
and  is  the  difference  in  current,  calculated  from  V/ll, 
during  the  pulse  through  each  of  the  two  reference  resistors. 

The  lead  resistance  for  the  apparatus  was  found  to  be  0.166  ohM. 
Assuming  that  the  total  voltage  is  constant  and  fixed  and 
assuming  that  one  reference  resistor  is  the  standard  resistor 
with  a  resistance  of  R3  and  the  other  is  the  match,  the  follow¬ 
ing  equation  applies: 

(Vs/hs)RL  ♦  Vs  -  (V^)H^  ♦  V„  (3) 

where  Wc  is  the  voltage  across  the  standard  resistor.  Substi¬ 
tuting  the  lead  resistance  value  of  0.166  ohm  and  the  standard 
resistor  resistance  value  of  1.178  ohms,  Eq.  (3)  was  rearranged 
as  follows: 


•  V3R^(0.8765Rj^  0.1455)  (4) 

10.  The  per  cent  fired  was  plotted  as  a  function  of  the 
ratio  Vw/R.|,  essentially  the  current  through  the  match,  on  ac¬ 
cumulative'*  probability  paper.  The  straight  line  that  visually 
best  fitted  the  points  was  drawn.  The  mean  firing  value 

was  read  from  the  line  at  the  50^  intercept  and  the  standard 
deviation  was  determined  by  subtracting  the  mean  value  from  the 
value  at  the  84.13^  fired  intercept.  The  firing  data  are 
reported  in  Tables  III  and  IV. 


Table  III.  Vj^^/lR^  3.0  ms  Pulse  Test,  Atlas 

Lot  265-24 

M-200  Matches 

.t 

Fired/Attemots 

Per  cent  fi; 

0.965 

0/2 

0 

0.975 

0/0 

- 

0.985 

0/5 

0 

0.995 

1/5 

20.0 

1.005 

0/6 

0 

1.015 

1/7 

14.3 

1.025 

2/7 

28.6 

1.035 

3/6 

50.0 

1.045 

7/11 

63.6 

1.055 

4/5 

80.0 

1.065 

4/6 

66.7 

1.075 

3/4 

75.0 

1.085 

5/5 

100.0 

1.095 

3/3 

100.0 

1.105 

2/2 

100.0 

Mean  Vu/Rjgj  * 
0.021  volts/ohm. 

1.037  volts/ohm.  Standard 

deviation  ■ 
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Table  IV. 


3.0  ms  Pulse  Test, 
"  ”  Lot  262-23 


Atlas  M-200  Matches 


VHm 

1.057 

1.037 

1.027 

1.017 

1.007 


Flred/At  tempts 

10/10 

6/9 

7/10 

12/33 

0/3 

volts/ohm. 

*  0.019  volt/ohm 


Mean  Vjyj/llu  *  1.024 
Standard  aeviation 


Per  cent  fired 


100.0 

66.7 

70.0 

36.4 

0 


11.  The  constant  voltage  tests  did  not  result  in  abso¬ 
lutely  constant  voltages  across  the  match.  Instead,  a  very 
small  voltage  increase  was  observed  on  the  oscilloscope.  This 
voltage  increase  was  due  to  the  increase  in  match  resistance 
during  the  pulsing  interval.  A  typical  test  gave  the  following 
results.  A  1.300  V  initial  voltage  was  placed  across  a  match 
whose  initial  resistance  was  1.230  ohms.  A  5  mv  voltage 
increase  was  observed  during  the  pulsing  interval,  making  the 
final  voltage  across  the  match  1.305  V.  The  lead  resistance 
was  assumed  to  be  a  constant  0.166  ohms.  The  initial  condi¬ 
tions  were  substituted  in  place  of  the  standard  resistor  values 
and  the  final  conditions  were  substituted  in  place  of  the  match 
values  of  £q.  (3).  Equation  (3)  was  then  solved  for  the  final 
resistance  of  the  match  (1.274  ohms).  Thus,  a  typical 
resistance  increase  of  3.5^  is  obtained  during  the  firing  pu..se. 


IV.  RESULTS 

12.  If  one  assumes  the  resistance  of  all  matches  to  be 
1.30  ohms  and  constant  during  the  pulsing  interval,  and  multi¬ 
plies  this  value  by  the  mean  firing  current,  the  calculated 
voltage  is  the  mean  firing  voltage  for  matches  whose  resistance 
is  1.30  ohms.  If  the  value,  1.30  ohms,  is  multiplied  by  the 
mean  plus  five  standard  deviations  firing  current,  the  calcu¬ 
lated  voltage  when  applied  to  a  match  will  cause  99.99997% 
(assuming  normal  sensitivity  distribution)  of  the  matches  whose 
resistance  is  1.30  ohms  to  fire.  Matches  with  resistance  lower 
than  1.30  ohms  (including  all  matches  which  meet  the  require¬ 
ments  of  reference  (e))  would  have  a  higher  percentage  of  fires 
when  the  same  voltage  is  applied  to  them.  Tnese  voltages  are 
plotted  as  all  fire  voltage  ^  pulse  duration  in  Fig.  6.  Also 
plotted  on  this  graph  are  the  mean  plus  five  standard  devia¬ 
tions  firing  voltages  as  obtained  from  the  constant  voltage 
Bruceton  tests.  The  all-fire  voltage  (better  than  99.99997% 
firing  of  all  matches  meeting  requirements  of  reference  (e)) 
can  be  read  from  the  resulting  curve  as  a  function  of  pulse 
duration  for  times  less  than  six  milliseconds. 
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13.  The  maximum  enerqy  necessary  for  match  firing  was 
determined  from  the  equation 

E  =  lV^/R)^t,  (5) 

where  V  is  the  all-fire  voltage  read  from  Fig,  6,  R  is  1.30  ohms 
and  At  is  the  pulse  duration  ii*  seconds.  A  plot  of  maximum  fir¬ 
ing  energy  necessary  versus  pulse  duration  is  shown  in  Fig.  7, 
The  mean  firing  energies  were  calculated  from  the  equation 

E  =  l^rtAt,  (6) 

where  I  is  the  mean  firing  current  of  the  constant  current 
tests,  K  is  the  mean  match  resistance  (1.20  ohms)  and  At  is 
the  pulse  duration  in  seconds.  The  mean  firing  energies  are 
also  plotted  in  Fig.  7.  Straight  lines,  which  best  represented 
the  plotted  points,  were  dr &wn  for  both  the  mean  and  maximum 
necessary  firing  energies.  These  lines  indicate  a  slight 
decrease  in  necessary  energy  as  the  pulse  duration  is  decreased. 
The  maximum  energy  required  for  firing  at  6  ms  (48,000  ergs)  is 
well  within  the  requirements  of  reference  (d). 

14,  The  results  of  this  study  indicate  that  there  is  no 
significant  difference  in  sensitivity  between  ^tlas  ii-100  and 
l’.~200  electric  matches  or  between  lots  of  matches  tested.  The 
energy  and  voltage  required  to  reliably  fire  these  matches 
within  six  milliseconds  are  described  as  a  function  of  pulse 
duration  in  Figs.  6  and  7. 
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FIG  4  OIAGRAM  OF  APPARATUS  USED  IN  CONSTANT  VOLTAGE  PULSE  TESTS 
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FIG  6  ALL- FIRE  VOLTAGE  OF  STANDARD  ATLAS  ELECTRIC  MATCH 


O  M-IOO.  LOT  266-31,  CONST  CURRENT  MEAS. 

)  ■  M-200.LOT  265-24.  CONST  CURRENT  MEAS 

\  A  M-200.L0T  267-8  ,  CONST.  CURRENT  MCAS 

\  □  M-200,L0T  265- 24, CONST  VOLTAGE  MEAS 

\  X  M-200,  LOT  265-24,  Vy/Ry  MEAS 

\  A  M-200.L0T  262-23,  Vy/Ry  MEAS 

j 

r  ’ 

J  \ 

r 

1 

i 

\j 

i; 

( 

\ 

ri 

14 


FIRING  ENERGY 


NOLTR  63-62 


PULSE  DURATION  (MS 


